Phase relations up to the solidus line in part of the Sb-Zn-O system have been investigated over the entire concentration range of the α-Sb 2 O 4 -ZnO system in air (PO 2 = 0.21 atm) using XRD and DTA/TG. 
Indroduction
The binary system α-Sb 2 O 4 -ZnO is a subsystem of the three component Sb-Zn-O system. The physico-chemical properties and structures of diantimony tetraoxide and zinc oxide have long aroused interest [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . ZnO is a white solid, density = 5.607 g cm -3 [1] , which melts congruently at 1975°C [2] . It does not demonstrate polymorphism and crystallizes in the hexagonal system (a = b = 0.325 nm; c = 0.5207 nm), belonging to the P6 3 mc space group [3] . Diantimony tetraoxide occurs in two polymorphs: the orthorhombic α-Sb 2 O 4 (a = 0.5434(1) nm; b = 0.48091(6) nm; c = 1.1779(2) nm) [4] and monoclinic β-Sb 2 O 4 (a = 1.2057(1) nm; b = 0.48352(3) nm; c = 0.5384(2) nm; β = 104.56(1)°) [5] . Antimony appears in both polymorphs in the +3 and +5 oxidation states [5, 6] . The α→β-Sb 2 O 4 transformation temperature is dependent on the experimental conditions, including the atmosphere [7] [8] [9] [10] . According to our studies the α→β-Sb 2 O 4 transformation begins at 1080°C in air [11] .
Our earlier studies on the α-Sb 2 O 4 -ZnO system confirmed the literature [12] [13] [14] [15] [16] [17] [18] [19] . We have also determined these compounds' thermal properties [19] . 
Experimental
Analytically pure ZnO (Aldrich, USA) was used along with α-Sb 2 O 4 obtained by heating commercial Sb 2 O 3 p. (Merck, Germany) in air as follows: 400°C (2 h) → 500°C (24 h) → 600°C (48 h). 14 mixtures were prepared to represent the whole α-Sb 2 O 4 -ZnO concentration range ( Table 1 ). The reacting substances were weighed in appropriate portions, homogenised by grinding, shaped into pellets and heated, depending on the composition, under the conditions which enabled to achieve the equilibrium state. The phase composition after heating was determined by XRD. All samples were subjected to DTA/TG at equilibrium state, recording mass changes and colour. The samples were heated repeatedly until no change in XRD or DTA occurred.
The DTA/TG investigations were performed with an F. Paulik -L. Paulik -L. Erdey derivatograph, the product of MOM Budapest. Measurements were carried out on 500 mg samples in quartz crucibles, both in air and argon, at 10°C min -1 from 20 -1000°C at a DTA galvanometer sensitivity of 1/5. The temperature precision was ± 5°C.
Some samples were subjected to DTA/TG using a TA Instruments SDT 2960. Measurements were conducted in corundum crucibles under argon at 10°C min -1 , 7.5°C min -1 , and 5°C min -1 from 20 -1500°C. The program "Thermal Solutions for WINDOWS NT" was used to collect the data [22] .
Phases contained in the samples were identified from PDF data [23] by a DRON-3 X-ray diffractometer (USSR) using CoKα radiation and Fe filter or CuKα and Ni filter. 
Results and discussion
For sample compositions from 50.00 mol% to 87.50 mol% ZnO, i.e. whenever they contained ZnO in excess of that required by reaction (1), equilibrated samples were also diphase and contained Zn 7 (2) Mixtures containing over 87.50% initial mol ZnO with α-Sb 2 O 4 , gave ZnO and Zn 7 Sb 2 O 12 . The total weight gain of the samples depended on their composition and ranged from 0.4 to 3.15% [19] . Moreover, the diffraction lines corresponded to β-Zn 7 Sb 2 O 12 [16, 17] .
These results allow division of the system α-Sb 10 °C min -1 over 1000 -1500°C. Samples were then kept at the final temperature for 1 -4 h, after which they were rapidly cooled to room temperature. For each sample an inspection of the change of its mass and phase composition was carried out. None melted, and the change of phase composition was mainly caused by the decomposition of ZnSb 2 O 6 or Zn 7 Sb 2 O 12 .
To establish the temperature range over which ZnSb 2 O 6 remains in equilibrium with α-Sb 2 O 4 , samples containing these two phases were heated at 1025°C (4 h),1050°C (4 h) or 1075°C (4 h 
DTA/TG tests in argon
The results indicate that in air pairs of compounds coexist in equilibrium in the solid up to the point at which one of them begins thermal decomposition. Sb 4 O 6(g) and O 2(g) [19] (Fig. 1a) was recorded on the DTA curves of the samples at equilibrium and representing α-Sb 2 O 4 -ZnSb 2 O 6 system. On the high temperature side two distinct inflexions were noted. Upon increasing the ZnSb 2 O 6 content, these temperatures increased from 1150 -1175°C for the first inflexion and 1210 -1250°C for the second. The effect was simultaneous with a TG mass loss between 22.03% and 87.06%. For the sample containing 82.35 mol% α-Sb 2 O 4 with ZnSb 2 O 6 (containing 15 mol% ZnO and 85 mol% α-Sb 2 O 4 in the initial mixture; Table 1 , sample 3), this mass loss was 70.24% (Fig. 1a) . Considering this and the literature result [7, 9] that α-Sb 2 O 4 decomposes to Sb 4 O 6(g) and O 2(g) , the first endothermic peak at t p = 870°C is due to α-Sb 2 O 4 decomposition. The 77.99% mass loss calculated for this sample from the equation:
is slightly higher than that observed. Because no plateau on the TG curve was obtained, this stage of decomposition was incomplete and overlapped with subsequent decomposition of ZnSb 2 O 6 .
During the DTA/TG measurements at lower heating rates, i.e. 7.5°C min -1 and 5°C min -1 , the starting temperature of the first decomposition slightly decreased, suggesting that it is close to the equilibrium temperature. To establish the equilibrium temperature, the starting temperature should be extrapolated to zero heating rate, which seems irrelevant to this work.
DTA curves under argon of ZnSb 2 O 6 in equilibrium with β-Zn 7 Sb 2 O 12 (Fig. 1b) showed a single peak beginning at ~ 998°C with an inflexion in the range 1200 -1225°C. A sample which initially contained 75.00 mol% ZnO lost 33.07 mass%, consistent with the 32.60% calculated from equation (4) [19] .
To verify the solidus area of the α-Sb 2 O 4 -ZnO-air(O 2 ) part of the system Sb-Zn-O, samples comprising equilibrium phase mixtures representing subsystems were prepared. These mixtures were subjected to prolonged heating in air or argon at temperatures about 25°C lower than those of the corresponding solidus lines and rapidly cooled to room temperature. XRD revealed that despite the long heating their phase compositions did not change. The initial compositions thus corresponded with the phases coexisting in equilibrium in air. Fig. 2 (Fig. 3) .
Conclusions
The investigations led to the following conclusions:
in the α-Sb - 
